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ABSTRACT 


A  number  of  new  energetic  polynitroethers  and  intermediates  were 
synthesized  utilizing  reactions  of  2-fluoro-2,2-dlnitroethanol  and  its 
derivatives . 

The  oxidation  and  nitration  of  (2-f‘luoro-2,2-dinitroethoxy)acetal- 
doxime  yielded  2-fluoro-2,2-dinilroethyl  2,2-dinitroethyi  ether  which  was 
fluorinated  to  give  2-fluoro-2,2-dinitroethyl  ether.  2-Fiuoro-2,2-dinitro- 
ethyl  2,2-dinitroethyl  ether  and  formaldehyde  gave  3~(2-fluoro-2,2-dinitro- 
ethoxy)-2,2-dinitropropanol  which  was  used  to  synthesize  bis  [3-{2-fiuoro-2,2 
dinitroethoxy) -2,2-dinitro-propyll  formal. 

Five  l-(2-fluoro~2,2-dinitroethoxy)-2-propanoi  derivatives  of  the 
general  structure  FC(NQ2)oCH20ai,iai(01l)CK2x[X=cI,  Br,  1,  GNO  ,  CCO(CH  )!! 
were  synthesized  by  reacting  2-fluoro-2,2-dinitroethyl  glyciayl  ether Jwith 
HX  and  the  alcohol  derivatives  were  oxidized  to  the  corresponding  acetone 


1, 3-Bis-(2-fluoro-2,2-dinitroethoxy) -2-propanol  was  synthesized  by 
reacting  2-fluoro-2,2-dinitroethyi  giycidyl  ether  with  2-fiuoro-2,2-dir»itro- 
ethanol.  The  alcohol  was  oxidized  to  1, 3-bis(2-fluoro~2, 2-dinitroethoxy ) - 
acetone.  Nitration  and  oxidation  of  the  oxime  of  this  ketone  yielded  1,3- 
bis( 2 -fluoro-2, 2-dinitroethoxy) -2, 2-dinitrupropane. 

Other  new  compounds  synthesized  were:  2-fluoro-2,2-dinitroethyl 
propargyl  ether,  4- (2-fluoro-2, 2-dinitroethyl) semicarbazide  and  (2-fluoro-2, 
dinitroethoxy)vinylene  di isocyanate. 


Distribution  limited  to  U.  S.  Government  agencies  only; 
this  report  documents  test  and  evaluation;  distribution 
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iiliuTlON  I 


INTRODUCTION 


'fhe  objective  of  this  program  was  to  synthesize  and  characterize 
new  energetic  nitroaliphatic  compounds  for  potential  use  in  explosive 
formulations.  The  major  emphasis  of  this  work  was  on  the  reactions  of 
2-fluoro-2,2-dinitroethanol. 


S'JMMiUtY 


The  following  new  fiuorodinitro  compounds  were  synthesized  and 
characterized  under  this  contract  using  2-fluoro-2,2-dinitroethanol  and 
its  readily  available  derivatives  as  the  starting  materials. 

FC(N02)2CH20CH2CH=K0H 

PC(N02)2CHg0CH2C(N02)  H  • 

FC(N02)2ai20aigC(N02)2P’ 

FC(N02)2CH20at2C(N02)2Cl 

FC(NO  )nCH„OCH  C(NO  )  CH  01 I 

d  '  -  c.  d  tl  <-  d. 

[f c (  no  ) 0 ch  oci u  c(  no  ) 0 as  o | 0  ch0 

»  C.  d.  C.  C.  d.  ‘C.  <_ 


F  c ( N0o ) „ CHo0  ( 2i  OH ( OH ) CH0X 
F  C  ( NOg )  ^  CHgOQlg  OOCH^X 


(x=Ci,  Dr,  1,  ON02,  OOUC(ai3)3J 
[X=C1,  0N0o,  OCCC(Oi3)3*J 


fc(N02  )2ch2och2  ch  (  ch  )  GH2oa!2  c(  no2  )2f 

F C ( N0_ )  ^  CH„  0  CH0  CO  CH  OGH  C(:;Oj  F 
c,  c.  2  2  2  2  2  2 

FC(  N0o  )0  CHo0CHo  C(  W02  )2  CHSC  Jli2  C(  NOg  )?F 


fc(no  ).,,cii„och  c=ch 

2  f-  c.  d 

FC(N02)2CK20aJ  CBr«CH3r 
FC(NO  )^CHo0C(NC0)=CHNC0 

d  c.  c. 

FC(  N02 )  2CH2NHNJ1 C0NK2 


SECTION  III 
'TECHNICAL  DISCUSSION 


A.  PREPARATION  AND  REACTIONS  OF  2-FLU0R0-2, 2-DINITROETHYL  2,2-DINITROETHYL 
ETHER 


Polynitroalkyl  ethers  are  promising  plasticizers  but  are  difficult  to 
synthesize.  Direct  synthesis  of  these  ethers  briefly  explored  by  ourselves 
and  other  investigators  (Reference  l)  failed.  In  the  present  work  an  indirect 
reaction  scheme  leading  to  2-fluoro-2, 2-dinitroethyl  ether  was  explored. 


2-Fluoro-2,2-dinit.roethoxyueetaldehyde,  synthesized  several  years  ago 
(Reference  2),  appeared  to  be  a  potentially  useful  starting  material  in  the 
synthesis  of  2-fluoro-2, 2-dinitroethyi  2, 2-dinitroethyl  other  by  the  Pcnzio 
reaction  (Reference  3) • 


NHo0I!  HNO^ 


FC(N0o)oCHn0ai^ai0  -i:—^FC(NO^)  CHOCH„ CHANGE  — -^>FC(N0Q)^CH-0aioai(N0o) 
d  d  ^  2  2  2  H  O,,  *  ±  t.  d 


Although  gem-dinitroalkane  derivatives  can  be  readily  synthesized  from  the 
corresponding  ketcnes  by  this  procedure  (Reference  t),  analogous  reactions  of 
aliphatic  aldoximes  were  not  reported  prior  to  the  present  work.  Aryldinitro 
methanes,  on  tue  other  hand,  were  obtained  in  nitration  and  oxidation  of 
aromatic  alaoximes  (Reference  5). 


2-Fluoro-2,2-dinitroethoxyacetaldoxime  was  obtained  in  8o-955»  yield  by 
reacting  2-fluoro-2,2-dinitroacetaldchyde  with  hydroxylamine  under  conventional 
reaction  conditions.  The  compound,  a  liquid,  contained  a  mixture  of  syr,  and 
anti  isomers.  The  oxime  was  nitrated  with  fuming  nitric  acid  in  methylene 
chloride  to  give  a  deep  blue  solution  of  the  nitro-nitroso  intermediate  which 
upon  treatment  with  hydrogen  peroxide  yielded  2-fluoro-2, 2-dinitroethyl  2,2- 
dinitroethyl  ether: 


UNO 


FC( N02 )2C1I20CH2CH=N0H  - 4jFC(NO,02at2OCR2 Oil ( NO) N02j  ~S— ; >  FC(NO- 


,cch2c;(no2)2” 


The  ether,  a  colorless  liquid  obtained  in  50-65lP  yields,  was  characterized  by 
its  nmr  spectra  and  elemental  analysis.  The  compound  was  only  moderately  stable 
at  room  temperature  and  decomposed  in  a  few  days  to  2-fluoro-2,2-dinitroethoxy- 
acetic  acid: 


FC(N02)oCHo0GHoC(N0  )h 


25c 


►FC(N02) 


CH  OCH  CO„H 


This  decomposition  appears  to  be  autocatalytic. 


A  more  detailed  Investigation  of  the  nitration  of  2-fluoro-2,2-dinitro- 
ethoxyacetaldoxime  showed  that  this  reaction  is  very  sensitive  to  reaction 
conditions.  Reaction  variables,  such  as  the  order  of  addition  of  reagents, 
temperature,  and  reaction  time,  can  be  vuried  only  over  a  narrow  range. 
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Attempts  to  employ  nitrogen  tetroxide  as  the  nitrating  agent  were  unsuccess¬ 
ful.  Further  work  is  needed  to  explore  this  reaction.  It  also  would  be 
important  to  determine  the  scope  and  limitations  of  these  reactions  with 
respect  to  other  aliphatic  aldoximes. 


2-Fluoro~2, 2-dinitroethyl  2,2-dinitroethyl  ether  reacted  with  aqueous 
formaldehyde  to  give  the  corresponding  methylol  derivative,  3- (2-fiuoro- 
2,2-dinitroethoxy)-2,2-dinitropropanol,  in  80-90$  yields: 

HpO 

FC(N0Q)QCHo0CHoCH(N0- )  +  HCHO  — = - *  FC( NO J  NO J  3L0H 

2  2  2  2  2  (Kaon)  2  2.2  2  2  2 


This  sparingly  water-soluble  polynitroalcohol  could  be  distilled  in  a  mole¬ 
cular  still  and  is  storable  at  ambient  temperatures.  The  formylation  of 
2-fluoro-2, 2-dinitroethyl  2,2-dinitrocthyi  ether  is  a  practicul  way  to  stabi¬ 
lize  the  compound  for  storage.  As  with  other  1, 1-dinitroalkanes,  the  formyl - 
ation  of  2-fluoro-2,2-dinitroethyi  2,2-dinitroethyl  ether  is  a  reversible 
reaction: 


OH" 

FC(N0  )  CK  OCH  C( NO  )  CH  OH 
2;2  2  2  2;2  2 


*’C(K00)_CH_0ffloC(N00)  “  +  HCHO 

*-  c.  c.  c.  c. 


3-(2-Fluoro-2,2-dinitroethoxy)-2,2-dinitropropanol  reacted  with  s-trioxane 
in  concentrated  sulfuric  acid  to  give  bis  ^-^-fluoro^^-dinitroethoxyj^O- 
dinitrcpropylJ  formal:  jj  ^ 


fc(mo2)2ck2och2c(no2)2gh2oh  +  (csi2o)3- 


[f  C  ( N02 )  2  OH20  CH2  C  ( N0g )  2  Oi20"|2  CHg 


The  formal,  a  viscous  colorless  .liquid,  d=  1.641,  was  characterized  by 
elemental  analysis  and  r.mr  spectra. 


Bis(2-FIuoro-2,2-dinitroet!iyl)  ether  was  obtained  in  50-70$  yield  by 
direct  fluorination  of  the  aqueous  sodium  salt  of  2-fiuoro-2, 2-dinitroethyl 
2,2-dinitroethyl  ether  at  0-5°: 

H2° 

FC(N02)2CH20CH2C(NC2)2-Na+  +  Fp  - FCClTO^CHgOCHgCtNO^K 

The  compound,  a  colorless  liquid,  d=  1.629,  bp  100°  (0. 3  ram),  was  characterized 
by  its  proton  and  fluorine  nmr  spectra  and  by  elemental  analysis.  A  5  g  sample 
of  the  ether  was  submitted  to  Lawrence  Radiation  Laboratory,  Livermore,  Califor¬ 
nia  who  have  specialized  equipment  for  stability  evaluation.  These  test  results 
are  not  yet  available. 


Similarly,  chlorination  of  2-fluoro-2,2-dinitroethyl  2,2-dinitropropyl 
ether  with  sodium  hypochlorite  yielded  2-cbloro~2, 2-dinitroethyl  2-fluoro-2, 2- 
dinitrcethyl  ether: 

K?° 

FC(N02)2CH20CH2CH(N02)2  +  NaOCl — £ — ?  FCCNO^C^OCH^NOj^l 

The  above  reactions  of  2-fluoro-2, 2-dinitroethyl  2,2-dinitroethyl  ether 
suggested  that  the  compound  should  undergo  other  reactions  common  to  1,1- 
dinitroalkanes,  such  as,  for  example,  Michael  and  Mannich  reactions.  Its 


» 


* 
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reaction  with  methyl,  vinyl  ketone  was  briefly  exp Lored ,  and  the  proton  nmr 
spectrum  of  the  reaction  product  was  consistent  with  the  expected  6-(2-fluoro- 
2,2-dinitroethoxy)-5, 5-dinitro-2-hcxar.one  structure : 


FC(N02)2UH20aioC(N0o)oH+aio=CHC0CH 


NaOH 


2y2 


3  H„0 


♦FC(S02)2CH20CH2C(l»2)aCK2CH2C0CH 


Some  difficulties  were  encountered  with  the  purification  of  the  ketone  and 
elemental  analysis  was  not  obtained. 


B.  SYNTHESIS  AND  REACTIONS  OF  V (2 -FLU0R0-2, 2-DINITRGETHOXY ) -2-PR0PAN0h 
DERIVATIVES 


In  conjunction  with  the  synthesis  of  2-fiuoro-2,2-dinitroethyl  ether 
alternative  routes  wore  explored,  and  a  number  of  intei-ecting  intermediates 
were  synthesized.  One  such  alternate  approach  is  based  or.  the  following 
reaction-  of  2-fluoro-2, 2-dinitroethyl  glycidyl  ether: 


FC(NO^).CHoOaLai-CHrt+HX 

C.  2  C.  C  Y  t 


FC(NO,J„<3fnGaLCH(OH) 


0HoX 


(Ox) 


NHo01i 

— FC( N02  )2 CH20QI2  C(  =N0H )  O^X 


1)  hnq3/h2o, 

P'1  ?b 


-■>  FC-CHjjOCBgCtNOgJgCHgOll 


F„ 


->  FC(NO  )0CH  0CK^C(N0  )^F 

c.  C-  c~  c. 


)  Hydrolysis  <■  *-  <-  c.  c.  p^oil 

Due  to  time  limitations  only  the  first  three  steps  of  the  above  reaction 
scheme  could  be  explored.  A  number  of  useful  l-(2-flubro-2,2-dinitrocthoxy)- 
isopropanol  derivatives  and  their  reaction  products  are  described  below. 

A  side-reaction  product,  l-(2-fluoro-2,2-dir.itroethoxy)-3-dhloro-2- 
propanol,was  isolated  and  identified  in  the  purification  of  crude  2-fluoro- 
2, 2-dinitroethyl  glycidyl  ether  synthesized  by  reacting  aqueous  alkaline 
2-fluoro-2,2-dinitroet'nar.ol  with  epiehlorokydrin.  This  chlorohydrir.,  subse¬ 
quently  obtained  quantitatively  hy  reacting  the  glycidyl  ether  with  dilute 
hydrochloric  acid,  might  be  either  the  incompletely  cyclized  intermediate  or 
t’ne  product  of  reversible  equilibrium  between  the  glycidyl  ether  and  chloride 
ions : 


NaOH 


FC(N0o)  CH  Oii+CICH^CH-Oi, - *  FC(  N0„  }„CHo0CT  Ch(On )  CH 


k2o 


.;==*  FC(N0„)^CHo0CH^ai-i 
♦HCi 


<1  c. 


It  was  found  that  the  epoxide  ring  of  2-fIuoro-2, 2-dinitroethyl  glycidyl 
ether  can  also  readily  be  opened  with  other  dilute  aqueous  mineral  acids. 

Thus,  dilute  hydrobromic,  hydro iodic  and  nitric  acid  gave  the  correspondingly 
substituted  l-(2-fiuoro-2,2-dinitrocthoxy)-2-propanoi  derivatives  in  75-95$ 
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yields : 


rC(N0joCH^0CH  Cl! - CH„+HX  — >  FC( IJO, J„CU,0Ci!o CH ( Oil ) CH„ Cl 

c_  c.  d  j  s.  c.  c-  £  c. 


X  »  Br,  I;  ONO 

C 

All  these  compounds  were  character! cod  by  their  elemental  analyses  and  nmr 
spectra. 

A  mixture  of  the  two  isomers  resulted  when  the  glycidyl  ether  was 
reacted  with  acetic  acid  or  when  1- (2-f!uoro~2,2-dini  trocthoxy}-2,  3- propone - 
diol  was  acylatec!  with  acetic  anhydride: 

A  (CU,C0aK/n1i  CUJJa) 

FC(  NC_)_  CH_,OCil.,CI!-  Oil,.  — — 7—^— ^->  i'C(  N0,Jo.MUCC7i,.CIi(  OH )  CIL.OCOC!!  . 

C.  C.  <.  C.  U  0  C  L.  3 


FC( NO  )  CH  OGH„ CH ( OCOCH  )  CH„OH 

U  C.  C.  C  J  cl 


A 


The  compounds  ir.  the  mixture  were  identified  by  their  proton  nmr  spectra, 
but  nc  attempts  were-  made  to  isolate  and  to  characterize  the  individual 
components . 


On  the  other  hand,  when  l-(2-fiuoro-2,2-dinitrocthoxy)-2,3“propanc- 
dioi  was  reacted  with  the  more  sterically  hindered  pivaloyl  chloride,  the 
corresponding  isopropanol  derivative  was  obtained  almost  exclusively  in 
quantitative  yield: 


FC(NQj  OK  OCH 
c-  d  d  ; 


CH(OH)CH  OH+( CH  )  COCO, 


Cildl, 


-*»FC(NOj  CH, 


pyr 


,OCK2a!(OH)aUGUCd(  OH 


The  next  step  in  the  alternative  reaction  scheme  to  2-fluoro-2, 2-dir.itrc 
cthy.1  ether  required  the  oxidation  of  the  above  1- (2-fluoro-2,2-dinitrocthoxy) 
2- propanol  derivatives  to  the  corresponding  ketones.  This  oxidation  vac 
accomplished  in  excellent  yields  with  Jones  reagent  (Reference  6)  using  three 
isopropanol  derivatives :  1- (2-flucro-2,2-dinitroethoxy) -3- chioro-2- propanol, 

1- (2-fluoro-2,2-dinitroetr.oxy)-3-nitrato-2-propar.oi,  and  1- (2-fluoro-2,2- 
dinitroethoxy)-3-carbo-t-butoxy-2-propanol : 

CrO  /H„SC. 

FC( N0o ) „ CHo0CK  .20 CH^X 
Aeetor.e  c.  c.  c. 


FC( N02 )2 CH20CH2 CH ( OH )  CH^X 


X  *  Cl,  CNO^,  0C0C( CH ^ 

All  three  l-(2-fluoro-2,2-dinitroethcxy)acetone  derivatives  were  distilled 
in  a  molecular  still  and  characterized  by  elemental  analyses  and  nmr  spectra. 
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Time  limitations  did  not  permit  completion  of  the  work  or.  the  alter¬ 
native  reaction  scheme  leading  to  3-(2-fluoro-2,2-ainitroethoxy)-2,£-dinitro- 
propa.nol  and  2-fluoro-2,2-dinitroethyl  ether.  In  a  scries  of  small-scale 
preliminary  experiments  using  l-(2-fluoro-2,2-dinitroethoxy)-3-(carbo-t- 
butoxy)acetone  as  the  substrate,  it  was  shown  that  the  ketone  reacted  with 
hydroxyxamine  to  give  the  corresponding  oxime  which  then  was  nitrated  and 
oxidized  to  the  corresponding  gem-dinitro  derivative,  1- (2-fluoro-2,£- 
dinitroethoxy)-3- (carbo-t-butoxy)-2,2-dinitropropane.  These  compounds  were 
tentatively  characterized  by  their  proton  n.  r*  spectra. 

The  above  results  showed  that  the  alternate  route  to  3- (2-fIuoro~2, 2- 
dinitroethoxy)-2,2-dinitroprcpanol  as  outlined  at  the  beginning  of  this 
section  is  feasible,  but  further  work  is  needed.  Some  of  the  intermediates 
synthesized  above  might  be  useful  ir.  other  reactions. 

C.  SYNTHESIS  OF  l,3-BIS(2-FLU0R0-2,2-DliaTR0ETH0XY)-2,2-DlNlTR0PR0PANE 


The  successful  alkylation  of  2-fluoro-2,2-dinitroethanol  with  epichloro- 
hydrin  in  aqueous  alkaline  solution  to  give  2-fiuoro-2, 2-dinitroethyl  giycidyl 
ether  (Reference  6)  suggested  that  under  suitable  reaction  conditions  the 
giycidyl  ether  night  react  with  another  mole  of  2-fiuoro-2,2-dinitroethanol 
to  give  1, 3-his(2-fluoro-2,2-dinitroethoxy)-2-propanol: 

NaOH 

F  C ( NO  )  CH  0K+  Cl  CH^ CH - CH„ - »  FC( NOp ) ? CH  0CHn C31- CK0 

d  2  H„0  2  2!  &  "  V  " 

fc(noJ2ck2oh 

FC( NO  ) n CH^C CK  CH  { OH )  CH  C  CH  C( N0o )  F 


Several  attempts  to  affect  the  above  condensation  were  unsuccessful. 


Towards  the  end  of  the  present  research  program  it  was  observed  that 
alkylation  reactions  of  2-fluoro~2,2-dinitroethanol  are  facilitated  by 
formaldehyde.  In  the  presence  of  base  2-fluoro-2,2-dinitroethanol  is  known 
to  be  in  equilibrium  with  formaldehyde  and  fluorodinitrenethane  anions 
(References  1  and  7).  It  was  reasoned  that  an  excess  of  formaldehyde  would 
shift  this  equilibrium  to  the  left: 

OH" /H^O/ CH  0 

FC(N02)2CH2OK  j—  £ . ■>  *  fc(no2)2ch2o-  FC(K02)-  v  HCHO 

Suppression  of  deformylatior.  of  2-fluoro-2,2-dinitroethanol  in  alkaline 
aqueous  solutions  was  shown  by  the  following  experiment.  2-Fluoro-2, 2- 
dinitroethanol  in  aqueous  alkaline  solution  reacts  readily  with  oc ,p-unsatu- 
rated  carbonyl  compounds  to  give  the  corresponding  Michael  reaction  adducts 
of  fiuorodinitronethane  (Reference  8).  The  f luoroainitroethoxy  moiety  aid 
not  add  without  prior  deformvlation: 

NaOH 

FC(N0?)oCKo0H  +  CH=CHX  - FC(N0o)?CH  ainX  +  HCHO 

<-  t  HgO  et  d.  <- 

X  rr  coci'  ,  C0o C  II  or  CN 
3  ^  2  5 
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It  wan  now  l’oand  that  these  reactions  do  not  fake  place  when  a 
of  formaldehyde  is  added  indicating  that  under  these  conditions 
tration  of  fiuorodinitromethane  anions  is  negligible. 


iurr.o  excess 
the  concen- 


Tne  above  observed  formaldehyde  effect  wac  exploited  in  a  number  of 
alkylation  reactions  of  2-fluoro-2,2-dinitromethanol.  Decomposition  of 
2-fluoro-2,2-dinitroethar.ol  in  aqueous  alkaline  solutions  is  attributed  to 
the  instability  of  fiuorodinitromet'nyl  anions.  Formaldehyde  stabilised 
alkaline  2-fluoro-2,2-dinitroethanol  solutions  allowing  higher  reaction  tem¬ 
peratures  and  longer  reaction  times.  Higher  yields  of  2-fluoro-2,2-dinitrc- 
ethyl  ethers  by  a  factor  cr  two  or  mere  were  obtained  unde:-  these  conditions 
using  ally!  bromide,  propargyl  bromide,  propylene  oxide  and  epichlorohydrin 
as  alkylating  agents. 

The  crude  reaction  products  obtained  in  alkylation  reaction  employing 
excess  of  formaldehyde  were  usually  contaminated  with  small  amounts  of 
polymeric  products  (polynethyler.eoxides  ?)  introduced  by  formaldehyde  solu¬ 
tions.  These  impurities  presented  some  problems  in  the  purification  of 
alkylation  products. 


The  above  described  alkylation  conditions  using  formaldehyde  to  sup¬ 
press  dcformylation  of  2-fluoro-2,2-dinitroethanol  were  applied  in  the 
synthesis  of  1, 3-bls(2-fluoro-2,2-dinitroethoxy)-2-propanol.  2-Fluoro-2,2- 
dir.itrcethyl  glycidy!  ether  reacted  with  alkaline  2-fluoro-2,2-dinitrcethancl 
ir.  formaldehyde  solution  to  give  the  desired  alcohol  in  D0-50£  yields.  The 
compound  could  be  distilled  in  u  molecular  still  and  was  characterized  by  its 
elemental  analysis  and  proton  nmr  spectrum. 


1, 3-Bia(2-fluoro-2,2-dinitroethoxy)-2-propanol  was  used  as  the  starting 
material  in  the  synthesis  of  1, 3-bis(2-flucro-2,2-dinitroethoxy)-2,2-c!initro- 
propane.  This  synthesis  was  accompli shed  via  the  corresponding  ketone  and 
oxime.  1, 3-his(2-fluoro-2, 2-dinitroethoxy) -2-propanol  was  oxidized  to 
1, 3-bis(2-fluoro-2,2-dinitroethoxy)acetonc  with  Jones  reagent: 

CrO„/i>  SO, 

FC(N0o)^CH^0CHoCH(0Il)a^0CHoG(NCo)or - ■*— *= - ->  [FC(N0„)oCK  OCR/ 

L  <-  c.  2.  C 


JO 


c  ^  ^  Acetone 

The  ketone,  obtained  in  95-100$  yield, was  distilled  and  was  characterized  by 
elemental  analysis  and  nmr  spectra.  It  reacted  with  hydrexylamine  to  give 
1, 3-bis(2-flucro-2,2-dinitroethoxy)acetonc  oxime : 

[FC(N02)2CH20Ci!2Ja>+  KHgOli - >  |FC(nC2)2ajgC^C=NGH 

The  oxime  was  not  purified  but  its  proton  nmr  spectrum  was  consistent  with 
the  structure.  The  crude  material  was  nitrated  ana  oxidized  to  give  1,3- 
bis( 2- Tluoro-2, 2-dinitroethoxy) -2, 2-ainitropropane : 

_  I)  90$  H*10- 

T FC(N0  )„OU>CHJ  C-KOK  - ^  fFC'NOj  CH  OCIlJ  C(N02)2 

L  ^  "  *  J2  2)  I!  0„  L  11  2  ^  ^2 

C.  d 


1,  3-Bis(2-f luoro-2,  2-dinitroethuxy)-2,2-dinitrupropane,  the  bis  (2-i'luoro-2, 
dinitroethyl)  ether  of  2,2-dinitropropanoi,  was  purified  by  chromatography 
using  basic  alumina  and  characterized  by  elemental  analysis  and  its  proton 
nmr  spectrum. 


D.  MISCELLANEOUS  REACTIONS  OP  2-FLU®  0-2, 2-DINlTROETmiiOL 

During  the  course  of  this  work  a  number  of  other  reactions  of  2-fluoro-2,2- 
dinitroethanol  were  explored.  These  unrelated  reactions  are  summarized  below. 


Aqueous  alkaline  2-fluoro-2,2-dinitrocthanol  reacted  slowly  with  propargyl 
bromide  to  give  trace  amounts  of  2-fiuoro-2,2~dinitroethyl  propargyl  ether: 


NaOII 


F  C(  N0o )  „  CHo0H  +BrGU0C=Cl! 

C.  d  <— 


C. 


The  ether  was  subsequently  obtained  in  UO-6'^  yields  by  adding 
to  the  reaction  mixture,  as  discussed  in  the  previous  section. 
wug  characterized  by  elemental  analysis  and  nmr  spectra. 


formaldcnyuc 
The  compound 


2-Fluoro-2,2-dinitroethyl  propargyl  ether  reacted  with  one  mole  of 
bromine  to  give  2-fluoro-2,2-dinitroethyi  2, 3-dibromoallyl  ether: 


F C( NO  )  CH^OCII  C=CH+Br0 


F C(  NO  )  CH  OCR  CBr=CH3r 

t-  2  2  2 


In  concentrated  sulfuric  acid  2-fluoro-2,2-dinitrcethyi  propargyl  ether 
was  slowly  hydrated  to  give  (2-fluoro-2,2-dinitroethoxy)acetone : 


H„SO. 

FC(N0o)oC3l_0C!l  C=CH  “ — 

^^  2  2  25c 


FC(NO,) 


cp^ock^coch^ 


This  ketone  was  previously  synthesized  in  the  oxidation  of  I- (2-fluoro-2,2- 
dinitroethoxy) -2- propanol  which  in  turn  was  obtained  in  the  alkylation  of 
2-fluoro-2,2-dinitroethanoi  with  propylene  oxide  (Reference  6). 


2-Fluoro-2,2-uinitroethanol  reacted  slowly  with  aqueous  semicarbazidc 
to  give  the  corresponding  Mannich  condensation  product,  *«-(2-fIuoro-2,2-dinitro- 
ethyl) semicarbazide : 

>1.0 

FC( NO  ) . C3L0H+NH„NHC0NHo — ~ — >  FC'(NO  )  CH.NIINH CONTI 

d  d  d  d  d  d  C.  d  d 

Th.e  halogenation  of  2-fTuoro-2,2-dir.itroethylamine  and  bis(2-fluoro-2,2- 
dinitroethyl)amine  with  sodium  hypochlorite  and  sodium  hypobromite  was  briefly 
explored  but  the  results  are  inconclusive.  It  appears  that  the  corresponding 
N-halo  derivatives  might  have  been  produced  in  this  manner,  but  more  work  is 
needed.  N-IIalo(2-fluoro-2,2-dinitrocthylamines)  were  intended  to  be  used  in 
Rasching  reactions  leading  to  pclynitroalkylhyarazine  derivatives. 
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Another  reaction  briefly  explored  was  the  synthesis  of  (2-fluoro-2,2- 
dinitroethoxy)vinylenc  diisocyanate  from  (2-fluoro-2,2-dinitrocthoxy)fu:narlc 
acid  via  the  Curtius  reaction: 


FC(N02)2ai20CC02H 


HCUCCH 


:pci 


i’’c(too^),sai  occoci 


ciocai 


2NaN 

- 

H„0 

C. 


FC(HO„ )  CH  OCCX)N_ 

<-  c.  j 


C2HUCi, 


PC(KO^)  CII  OCIiCO 

/  ^  o 


N  OCCli 


ORCCH 


The  preparation  of  (2-fluoro-2,2-dinitroethoxy)fumaryl  chloride  was  previously 
reported  (Reference  2).  The  reaction  of  the  acid  chloride  with  aqueous  sodium 
azide  and  the  Curtius  rearrangement  of  the  latter  to  (2-fluoro-2,2-dinitro- 
ethoxy)vinyleue  diisocyanate  proceeded  in  a  normal  manner.  The  diisocyanate 
was  characterized  by  elemental  analysis  and  its  proton  nnr  spectrum.  The 
compound  polymerized  readily  at  ambient  temperature  in  a  matter  of  hours. 
Samples  of  the  diisocyanate  containing  acyl  chloride  polymerization  inhibitors 
could  be  stored  in  a  refrigerator  for  several  months. 

The  successful  nitration  and  oxidation  of  (2-fluoro-2,2-dinitrcethoxy)- 
acetaldoxime  with  fuming  nitric  acid-hydrogen  peroxide  suggested  thut  other 
aliphatic  aldoximes  might  also  undergo  analogous  reactions  to  give  the  cor¬ 
responding  1, 1-dlnitro  derivatives.  With  this  objective  ir.  mind,  a  number 
of  exploratory  nitration  reactions  were  carried  out  using  acetaldoxime  and 
methoxyacetaldoxime  as  model  compounds.  Cnly  trace -amounts  of  the  correspond¬ 
ing  1,1-dinitro  derivatives  were  obtained  with  both  oubetrates  and  the  yield 
could  not  be  improved  under  a  number  of  different  reaction  conditions.  The 
nitration  with  nitrogen  tetroxide  was  also  briefly  examined  but  again  yields 
were  very  low.  More  work  is  needed  in  this  area. 
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SECTION  IV 


EXPERIMENTAL 


GENERAL 

Some  of  compounds  synthesized  on  this  program  might  be  sensitive  to 
impact  and  friction  and  should  be  handled  with  care.  2-F luoro-2, 2-dinitro- 
ethanol  and  its  derivatives  show  varying  degree  of  toxicity. 

Nmr  spectra  were  measured  on  a  Variar;  T-60  spectrometer.  Proton  and 
fluorine  chemical  shifts  are  reported  in  ppm  relative  to  TMS  and  i'luoro- 
trichloromethane  as  internal  standards,  respectively. 

( 2- FLUORO- 2, 2  - PINITROETHOXY ) ACETALDGX 1ME 

A  mixture  of  4.9  g  (O.o2‘j  mol)  of  (2-fluoro-2,2-dinitrocthoxy )acetal- 
dehyde,  5-75  g  (0.0825  mol)  of  h  ydroxylamine  hydrochloride,  and  11. 3  K 
(0.0825  mol)  of  sodium  acetate  trihydrate  in  70  ml  of  absolute  ethanol  was 
refluxed  for  1*5  min,  and  then  ca  60  ml  of  ethanol  was  removed  at  25°  (25  mm). 
The  residue  was  added  to  100  ml  of  ice-water  and  the  product  was  extracted 
with  35  ml  of  methylene  chloride.  The  extract  was  dried  and  the  solvent  was 
removed  to  leave  5*0  g  of  liquid  which  was  distilled  in  a  molecular  still  at 
100-105°  (0.1  mm)  to  give  4.8  g  of  a  colorless  liquid,  yl$  yield. 

Anal.  Caled  for  C4H.5N.FOg :  C,  22.75;  H,  2.84;  N,  19-90;  V,  9. 01.  Found: 

C,  22.46;  K,  2. 58;  N,  19.60;  F,  9.1. 

Proton  nmr  (CDC1,)  :  <>  8.44  (s,  broad,  1H,=NCH),  7.42  (t,J=5.8  Hz,  ,ca 
60$  anti-CH=),  6.84  (t,  J=4.0  Hz,  ca  40$  syr.-CH=),  4.62  (d,J=19.1  Hz,  FCCJ^-, 
syn- isomer) ,  4.53  (d,J=19*0,  F^Clip-ar.ti- Isomer),  4.50  (d,J=4.0  Hz,  -OCiigC^, 
syn-isomer),  and  4.25  (d,J=5»8  Hz,  0CH-,C=,  unti-isomer) .  Fluorine  nmr: 

$110.9  (t,JKF=l8.7  Hz). 

2 - FLUORO- 2,2- UINITRCETHYL  2,2-DINITROETHYL  ETHER 

To  a  stirred  and  cooled  (ice-water  bath)  solution  of  4.2  g  (0.02  moi) 
of  (2-fluoro-2,2-dinitroethoxy)ucetaidoxime  in  60  ml  of  methylene  chloride 
&t  3-5°  was  added  dropwise  over  a  period  of  7-8  tain  10  g  of  90$  nitric  acid. 
The  mixture  became  turbid  and  then  blue  in  a  moderately  exothermic  reaction. 
The  deep  blue  solution  was  stirred  for  20  min  and  then  to  it  was  added,  drop- 
wise,  over  a  period  of  20  min,  6.5  ml  of  J0$  hydrogen  peroxide  until  the  blue 
color  was  discharged.  The  reaction  mixture  was  stirred  with  90  ml  of  ice- 
water  for  a  few  minutes.  The  methylene  chloride  solution  was  dried  over 
anhydrous  sodium  sulfate,  filtered  and  concentrated  to  leave  3-5  g  (65$  yield) 
of  crude  2-fluoro-2, 2-dinitroethyl  2,2-dinitroethyl  ether,  a  colorless  liquid. 
An  analytical  sample  was  distilled  at  105-110°  (50  u)  in  a  molecular  still. 


Anal.  Galcd  for  CkH,N,  F0q:  C,  17.6)4;  H,  1.8k;  N,  20.59-  Found:  C,  18.2; 

“.64;  N,  19.2.  5  * 

.Proton  ntnr  (CDC1  )  :  S  6 .  5 i  U, -1=6.0  Hz,  III,  CH),  4.<;4  (d,  JnK*l 5.8, 

21!,  FQGHj"),  and  4.80  (rt,J=6.C  Hr.,  211,  CIU). 

2-FLUOPO-2,2-DINITROETilYL  ETHER 

2-Fluoro-2,2-dinitrocthyl  2,2-dinitroethyl  ether,  3-5  0  (above),  was 
dissolved  at  0°  in  a  solution  of  1.0  g  of  sodium  hydroxide  in  65  ml  of  water 
and  the  resulting  orange- red  solution  was  fluorinated  with  elementary  fluorine 
(diluted  fourfold  with  nitrogei  )  until  the  solution  became  colorless  (10  min). 

The  mixture  was  extracted  with  35  ml  of  methylene  chloride  to  give  2.3  g  of 
2-fluoro-2,2-diriitroethyl  ether,  62$  yield,  bp  100°  (0.4  mm). 

Anal.  Caicd  for  G^H[+.^F20„ :  C,  16. 6;  ii,  1.4 ;  F,  13. 1.  Found:  C,  16.7;  K,  1.3; 

F,  12.9.  J 

Proton  nmr  ( CDC10 :  'S  U.  57  (d,Jj;p=l6.0  Hz).  Fluorine  nmr:  6  109.2,  a 
poorly  resolved  triplet. 

2-  CHL0R0-2,2-DINITR0ETHYL  2-FLU0H0-2,2-DINITR0ETHYL  ETHER 

To  20  mi  of  5*3$  aqueous  sodium  hypochlorite  was  added  0.5  g  of  2-fluoro-2,2- 
dinitroethyl  2, 2-dir.itroethyl  ether.  Tne  mixture  was  stirred  for  10  rr.ir.  and 
extracted  witii  20  ml  of  co.rbon  tetrachloride  to  leave  0.55  g  of  2-ch.loro-2, 2- 
dinitroethyl  2-fluoro-2,2-dinitroethyl  ether,  a  colorless  liquid. 

Anal.  Caicd  for  .\ C1F0  :  C,  15.66;  II,  1.30;  F,  6.20.  Found:  C,  16.1; 

H,  1.09;  F,  6.3.  J 

Proton  nmr  (CClj. ) :  S  5-03  (<i,J=l6  Hz,  2H,  FQCHg-)  and  b.97  (8>  2H,  CSig&Jl). 

3 -  ( 2 - FLUORO - 2 , 2 - DI N3  TROETHCXY ) - 2 , 2 - DI N I TROPROPAKOL 


To  a  suspension  of  1.0  g  of  crude  2-flucro-£,2-dinitroethyl  2,2-dinitro¬ 
ethyl  ether  in  10  cc  of  water  was  added  1.0  g  of  37$  aqueous  formaldehyde  and 
a  few  drops  of  5$  aqueous  sodium  hydroxide.  The  mixture  was  stirred  for  20  min 
at  18-25°  and  then  acidified  witii  a  few  drops  of  10$  hydrochloric  acid.  The 
mixture  was  extracted  with  two  7  ml  portions  of  methylene  chloride.  The  com¬ 
bined  methylene  chloride  extracts  were  concentrated  to  leave  O.95  g  (86$  yield) 
of  3-(2-fiuoro-2,2-dinitroethoxy)-2,2-dinitropropar.ol.  An  analytical  sample 
was  distilled  at  120-125°  (0.1  mm)  in  a  molecular  still. 


Anal.  Galcd  for  C5H7NuF010;  C,  19-87;  H,  2.33;  F,  6.28.  Found: 
H,  2.01;  F,  6.1. 

Proton  nmr  (0)01^)64.70  (d,Jn?=l6  Kz,  2H,  FCGK2“),  4.63 


C, 


( 


20.12; 
2H,  CIU, 


l  '*1 


mill  ( l > i*i mil  III,  Oil). 


-UrtUC-C-),  U - U 3  (:;,  211,  Jl„, -O-dlWM) , 

•  -  ■  t.  I  -• 

3-  (2-FLUORO-2 , 2-DINITR0FTH0XY )  -I'jh'-RlNITROl’HOPYl.  FORMA!, 

To  a  Gtirrcd  solution  of  0.6  g  (0.002  mol)  of  3-(2-fluoro-2,2-dinitro- 
ethoxy) -2, 2-dinltropropanol  and  0.03  g  (0.001  equiv)  of  j>-trioxane  in  10  ml 
of  methylene  chloride  at  5-10°  was  added  1.0  ml  of  concentrated  sulfuric 
acid.  The  mixture  was  stirred  ut  22-25°  for  2  hrs  and  phases  were  separated. 
The  sulfuric  acid  phase  was  extracted  with  two  10  ml  portions  of  methylene 
chloride.  The  methylene  chloride  solution  was  combined  with  extracts.  The 
solution  was  washed  with  20  ml  of  water  and  evaporated  to  give  0.4  g  of  a 
colorless  viscous  oil,  d=1.64l,  which  was  not  further  purified. 

Anal.  Calcd  for  ChH^NqF  02q:  C,  21.47;  H,  2.1?;  F,  6.17.  Found:  C,  21.28; 
II,  1.97;  F,  6.41. 

,  Proton  nmr  (CDCl_) :  />  4.77  (£,  2H,  formal  CK., ) ,  4.7^  (d,  Jjjp=l6ill2,  411, 
2Fcai2-),  4.65  (s,  4h,'32fc-ch2och2-),  and  4.37  (s^  4h,  - cquoai^oquc- ) . 

1 -  aiLORO- 3 - ( 2 - FLUORO- 2 , 2 - UI N1TROETKOXY ) - 2 - PROPA  NOR 

A  suspension  of  2.1  g  (0.01  mol)  of  2-fluoro-2,2-dinitrocthyl  glycidyl 
ether  in  30  ml  of  8$  hydrochloric  acid  was  stirred  at  25°  for  l6  hrs.  The 
mixture  was  extracted  with  20  ml  of  methylene  chloride  to  give  2.45  g  (lOC# 
yield)  of  l-chloro-3-(2-fluoro-2,2-dinitrocthoxy)-2-propar.ol.  An  analytical 
sample  was  distilled  at  100°  (0.1  mm)  in  a  molecular  still. 

Anal.  Calcd  for  CcHoNpClFOg:  C,  24.53;  H,  3.25;  N,  11. 36;  F,  7.7.  Found: 
cT"24.57;  H,  2. 91;  N,  10.86;  F,  7.6. 

Proton  nmr  ( CDC1.,) :  d  4. 65  (d, 0^=17. 4  Hz,  2H,  FCCH^-),  2.70  (broad  s, 
IK,  OH),  and  superimposed  sultiplets  at  3.47-4.17,  5H,1  cSUcHOHg).  Fluorine 
nmr:  <P  111.0  (poorly  resolved  triplet). 

The  compound  was  also  obtained  as  the  side  reaction  product  (incomplete 
cyclization)  in  the  synthesis  of  2-fluoro-2, 2-dinitrocthyl  glycidyl  ether 
from  2-fluoro-2,2-dinitroethanoJ  and  epichlorohydrin. 

2- FLU0R0-2,2-DINlTR0ETHYL  GLYCIDYL  ETIffiR 

To  a  stirred  solution  of  1.23  g  (0.05  rnol)  of  l-chloro-3-(2-fluoro-2,2- 
dinitroethoxy )propanol  in  5  iml  of  methanol  at  22-25°  was  added,  dropuise,  a 
solution  of  0.34  g  (0.05  mol)  of  85$  potassium  hydroxide  in  5  ml  of  methanol. 
The  mixture  was  stirred  for  15  min,  diluted  with  50  ml  of  ice-water  and 
extracted  witli  25  mi  of  methylene  chloride.  The  extract  was  distilled  to 
give  2.C  g  (95$  yield)  of  2-fluoro-2,2-uinitrcethyl  glycidyl  ether,  bp  71° 
(C.l  mm);  lit.  (Reference  7)  70-71°  (0.1  mm). 
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i  -  BROMO  -  3  -  ( 2  -  FLUORO  -2,2- 1)1  NITROETHOXY )  -  2  -  PROPAKOI . 

The  title  compound,  a  colorless  liquid,  distilled  in  a  molecular  still 
at  110°  (0.1  nun),  was  obtained  in  90$  yield  by  reacting  2-fluoro-2,2-dinitro- 
ethyl  glycidyl  ether  with  10$  hyurobromic  acid  following  the  above  procedure. 

Anal.  Calcd  for  C5IlgNoBrF06 :  C,  20.62;  I!,  2.76;  N,  9-62;  F,  6.52.  Found: 

C,  20.80;  H,  2.31?  169. 50;  F,  6.4. 

Proton  nmr:  o 4.65  (d.Jjjp=17.2  Hz,  211,  FyGU-),  2.5^  (d, Jjj_oi;  =  3»0  Hz, 

111,  Oil),  and  3. 33-4.13  (superimposed  multiplets,  5H>  CHgiJJiOKp)*  Fluorine 
nmr:  <f>  109-5  (poorly  resolved  triplet,  Jj[p=17  Hz). 

The  compound  was  also  identified  us  the  side  reaction  product  in  the 
synthesis  of  2-fluoro-2,2-dinitioethyl  ,;lycidyl  eth.er  from  2-fluoro-2,2- 
ui nitrocthar.oi  and  upibromohydrin  in  aqueous  sodium  hydroxide  solution. 

1-I0D0-3- (2-FLU0R0-2, 2-DINITR0ETH0XY ) PROPANOL 


The  title  compound,  a  colorless  liquid  distilled  ir.  a  molecular  still 
at  115-120°  (o. 1  mm),  was  obtained  i;:  92$  yield  by  reacting  2-f luoro-2, 2- 
dinitroethyl  glycidyl  ether  with  15$  hydroiodic  acid  foliowinc  the  procedure 
used  for  the  synthesis  of  the  chloro  analogue. 

Anal.  Calcd  for  CJIgH^FlO/-:  C,  17*76;  It,  2.3O;  N,  0.20;  F,  5.62.  Found: 

C,  10.08;  I!,  2.31?  N,"7.8;  F,  5-7. 

Proton  nmr  (CDC1-) :  4.63  (d,  Jjm^=17.  1  Hz,  2!:,  FyCIU-),  2.67  (broad  s, 

1H,  OH),  3. 13-4.05  (superimposed  multiplets,  511,  ClUGiCJip).  Fluorine  nmr: 

<t  109.6  (t,JHF=17-0  Hz). 

1  -  CARBO- t-BUTOXY- 3-  (2-FLUORO-2, 2- 1)1  NITROETHOXY )  -2-PROPANOL 

To  a  stirred  solution  of  2.20  c  (0,01  mol)  of  3-(2-fluoro-2,2-dinitro- 
etlioxy) -1,2-propanediol  and  0.84  c,  (2.01  mcl)  of  pyridine  ir.  20  ml  of  methyle 
chloride  was  added  at  20-25°  dropwisc  (3  mir.)  a  solution  of  1.20  c  (0.01  mol) 
of  pivaloyl  chloride  in  5  mi  of  methylene  chloride.  The  mixture  was  stirred 
for  10  min,  washed  with  50  ml  of  3$  hydrochloric  acid,  dried  and  concentrated 
to  Give  3-05  C,  (90$  yield)  of  l-carbo-t-butoxy_3(2-fluoro-2,2-dinitroethoxy)- 
2-propanol.  An  analytical  sample  was  distilled  in  a  molecular  still  at  135° 
(0.1  mm). 


Anal.  Calcd  fur  C10H17N2FCg:  C,  3^. 66;  !!,  5-48;  N,  0.97;  F,  6.08. 
C,  38-80;  H,  5.40?  i-C  8.69;  F,  5.92. 


round : 


Proton  nmr  ( CDC1  - )  :  . '  4 . 72  (d,  JII?=l8. 0,  211,  FCCrU-),  3-25  (broad  s,  1H, 
OH),  1.22  (s,  9H, -CCGI^ )  ,  and  3-25-363  ( super imposed^muitiplets,  -CH^GICH^-) 

Fluorine  nmr:  $  110.0  ft,J^p=17-8  Hz). 


I-  ( ..'-PLUORO-F ,  2-D1N1TROFTHOXY )  -  3-  wriilATO-f-PKOPANOL 

To  a  stirred  solution  of  7.0  ml  of  70$  nitric  acid  in  l4  ml  of  water 
was  added  2.1  g  (0*01  mole)  of  2-flucro-2,2~dinitroethyl  glycidyi  ether  and 
the  mixture  was  kept  at  22-25°  for  20  min.  The  solution  was  extracted  with 
15  ml  of  methylene  chloride  and  the  extract  was  concentrated  to  leave  2.2  g 
of  l-(2-fluoro-2,2-dinitroethoxy)-3-nitrato-2-propanol  (80$  yield),  a  color¬ 
less  liquid.  An  analytical  sample  was  distilled  in  a  molecular  still  at 
125°  (0.1  mm). 


Anal.  Calcd  for  CcHqN_F0o:  G,  21.9 8;  II,  2.95;  F,  6.95-  Found:  C,  21.92; 

H,  2.68;  F,  7.1.  i  ^ 

Proton  nmr  (CDCl,) :  &  4.67  (d,  Jjjj,.=l6.0  Hz,  211,  F(^CH0-),  2.80  (broad  s, 
111,  OH),  and  3.  50-4  .  50  (superimposed  multipieto,  5H,  -CHp^HCK0- ) .  Fluorine 
nmr:  6  110. 7  (poorly  resolved  triplet). 

1-  CHL0R0-  3-  ( 2-FLU0R0-2, 2-DINITR0KTH0XY  )ACET0NE 


To  a  stirred  solution  of  «•  -94  0  (0.C2  mol)  of  i-chloro-3-(2-fiuoro-2,2- 
dinitroethoxy) -2-pronanol  in  75  ml  of  acetone  was  added  at  20-23°  dropwise 
over  a  period  of  U5  min  chromic-sulfuric  acid  solution  (Jones  reagent  pre¬ 
pared  by  adding  1.75  ‘At  of  concentrated  sulfuric  acid  to  a  solution  of  2.0  g 
of  chromium  trioxidc  in  4  :rd.  of  water).  The  mixturfe  was  stirred  for  an 
additional  45  min  and  the  excess  of  chromium  trioxide  was  destroyed  with  a 
few  drops  of  isopropanol.  The  mixture  was  filtered  and  the  filter  cake  was 
washed  with  two  5  ml  portions  of  acetone.  The  combined  filtrate  and  washings 
were  stirred  with  5  f,  of  sodium  bicarbonate  for  10  min,  filtered,  and  concen¬ 
trated  to  ca  10  ml.  The  concentrated  solution  was  added  to  80  ml  of  water 
and  extracted  with  U5  ml  of  methylene  chloride  to  give  4.6  g  (94$  yield)  of 
i-chioro-3-(2-fluoro-2,2-dinitroethoxy)acetone,  a  colorless  liquid.  Ar.  analy¬ 
tical  sample  was  distilled  in  a  molecular  still  at  125°  (0.1  mm). 

Anal.  Calcd  for  CcK^CiPC^ :  C,  l4.‘>5;  I!,  2.45;  N,  11.45;  F,  7-76.  Found: 

CT24 .69;  n,  2.61;  to, ^11. 31;  F,  7.93. 


4.52  ( 

resolved 


Proton  nmr  (50-50$  CDC1  -CJi^) :  i  4.66  (d,  Jjip=17.0  Hz,  2Ii,  FyGIl^-), 
s,  2H,  CCHgCO),  and  4.0o  (s,  2!!,  -CIL-,Ci).  Fluorine  nmr:  (j>  109^7  (poorly 
ed  triplet^  Jjjf-17  Hz). 


1 - ( 2 - FLu0R0-2 , 2 - DI NITROETHOXY ) - 3 - ( GARBO- t- DUTOXY ) ACETONE 


The  title  compound,  u  colorless  oil,  was  prepared  in  85$  yieid  by  oxida¬ 
tion  of  l-(2-fluoro-2,2-dinitroethoxy)-3-(carbo-t-butoxy)-2-propanol  with  Jone 
reagent  following  the  above  procedure.  An  analytical  sample  was  distilled  in 
a  molecular  still  at  145°  (0.1  mm). 

Anal.  Calcd  for  C-| nHt e,NpF0p :  C,  38*71;  H,  4.87;  N,  9*03;  F,  6.12.  Found: 

C,  38.73;  H,  5. 30;  N,  9-18;  F,  5-96. 
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Proton  nmr  (CDCJi  ):  4.75  (d,  Jin,=l6.4  Hz,  2H,  FC-Cli  -),  4.63  (s,  CII, 

OCHgCO),  u.  37  (s,  211,  CHj,  and  1.25  911,  C(CII-)  .  Fluorine  nmr:  0  110.6 

(poorly  resolved  triplet*)-  Jjjp=l6.5  Hr.). 

1-  (2-FLUCR0-2, 2-  DINITROETHOXY )  -  3  -  NITRATOA  CETONE 

The  title  compound,  u  colorless  liquid,  was  prepared  in  90$  yield  by 
the  oxidation  of  1- (2-f luoro-2,2-dinitrocthoxy) -3-nitrato-2-propunol  with 
Jones  reagent  following  the  procedure  described  above  for  the  3-chioro 
analogue.  An  analytical  sample  was  distilled  in  a  molecular  still  at  125° 
(0.1  mm). 


Anal.  Calcd  for  C-HgN  FC  :  C,  22.14;  11,  2.23;  F,  7-0. 
II,  2.03;  F,  7-1.  J  9 


Found:  C,  21.93; 


,  Proton  nmr  (CD Cl  ):  c5.13  (s,  211,  CH„0N0  ),  4.75 
FCCH„-),  and  4.48  (s,  211,  CH.-,)*  Fluorine  flair:  <j)  109-4 
triplet). 


(d,JHf.=17.0  Hz,  211, 
(poorly  resolved 


ALLYL  2-FLU0R0-2,2-DINITR0ETHYL  ETHER 

To  35  ml  of  37-40$  aqueous  formaldehyde  in  150  ml  of  water  wus  added 
30.8  g  (0.2  mol)  of  2-f.luoro-2,2-dinitroethanoi  and  a  solution  of  10.8  g 
(0.26  mol)  of  sodium  hydroxide  in  10  ml  of  water.  To  the  resulting  solution 
was  added  36.3  g  (0. 3  mol)  of  ailyl  bromide  and  the  mixture  wus  stirred  for 
45  hrs  at  23-25°.  The  mixture  was  extracted  with  50  :nl  of  methylene  chloride 
to  give  25.5  C  (66$  yield)  of  ailyl  2-fluoro-2,2-ainitrocthyl  ether,  bp  31° 
(0.2  mm),  lit.  (Reference  7)  bp  31-32°  (0.2  mm). 

1 , 3 - BIS ( 2-FLU0R0-2 , 2- DIIUTRCETHOXY ) -2 - PROPANOL 


To  a  solution  of  4.0  g  (0.026  mol)  of  2-fluoro-2,2-dinitrocthanoi  in 
35  g  of  37$  aqueous  formaldehyde  was  added  1.32’  g  of  85$  potassium  hydroxide 
(0.02  mol)  in  4  ml  of  water,  4.2  g  (0.02  mol)  of  2-fiuore-£,2-dir.itroethyl 
glycidyl  ether  and  5*0  ml  of  methanol.  The  reaction  mixture  was  stirred  at 
22-25°  for  20  hrs,  diluted  with  water  to  120  ml,  and  extracted  with  50  ml  of 
carbon  tetrachloride.  An  insoluble  oil  separated,  which  was  extracted  with 
40  ml  of  methylene  chloride  to  give  3-0  G  of  1, 3-bis(2-fluoro-2,2-dir.itro- 
ethoxy) -2-propanol.  An  analytical  sample  was  distilled  in  a  molecular  still 
at  155-l60°  (0.1  mm). 


Anal.  Calcd  for  C„HinN,  Fo0, ,  :  C,  23.08,  II,  2.76;  F,  10.43. 
ST2.61;  F,  9-8.  1 


Found : 


$  23.30; 


Proton  nmr  ( CDCl^)  :  e>  4.65  (d,  Jjr?=I7.6,  4H, 
OH),  and  3.52-4.02  (superimposed  multiplets,  5 H, 
$  ill. 2  (poorly  resolved  triplet). 


FCC"  -),  2.52  (broad  s,  HI, 
-CH0C HCIU-).  Fluorine  nmr: 

C.  C. 


2-Fluoro-2,2-dir.itrocthyl  glycidyl  ether, 


1.6  g  (0.0076  mol). 


was 
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recovered  on  evaporation  of  carbon  tetrachloride  phase  above.  The  yield  of 
1, 3-bis(2-fiuoro-2,2-dinitroethoxy)-2-propanol  amounted  to  66.5$* 

1,  3-BIS(2-FLUORO-2, 2 -D1NITR0ET12OXY) ACETONE 

To  a  stirred  solution  of  l.-i.l  g  (0.036  mol)  of  crude  l.,3-Mo(2-fluoro-2,2- 
d  i  is  itroethoxy) -2- propanol  (above),  In  120  nil  of  acetone  at  20-22°  was  added 
dropwise,  over  a  period  of  45  mi::,  a  solution  10.0  g  (0.1  mol)  of  chromium 
trioxide  and  0.0  g  of  concentrated  sulfuric  acid  in  10  mi  of  water  (.Tones 
reagent)  until  chromate  color  persisted.  The  unrelated  chromate  vas 
destroyed  with,  a  few  drops  of  isopropanol.  The  mixture  was  filtered  and  the 
filtrate  was  stirred  with  10  g  of  sodium  bicarbonate  for  10  rlr..  The  mixture 
was  filtered  again  and  the  filtrate  was  concentrated  to  ca  15  ml.  The  concen¬ 
trate  was  added  to  200  ml  of  wate^  and  a  water- insoluble  liquid  was  extracted 
with  60  ml  of  methylene  chloride  to  give  12.8  g  (quantitative  yield)  of  1,3- 
bis(2-fluoro-2,2-dinitrocthoxy)acetone,  a  colorless  liquid.  An  analytical 
sample  was  distilled  in  a  molecular  still  at  i4cc  (0.1  mm). 


Anal.  Galcd  for  C-JHI'i.  *4,0, ,  :  C,  23*21;  2!,  2.22;  F,  10.49-  Found:  0,  23-43; 

K,  2.06;  F,  10.3. ' 

Proton  nmr  (CCCi^):  d4.72  (d, Jj:^=l6.4  Hz,  4l!,  CFC'ETH- ) ,  arid  4.4j  (3, 

4!!,  -CH^COCiU- ) .  Fluorine  r.mrt  y  111.2  (poorly  resolved  triplet). 

i,  3  -  B I S  ( 2  -  FLU0  R0  -  2 , 2  -  DI N I TR0E  Ti  1 0: '  Y  )A  CETOuE  OX  HIT 

To  a  solution  of  10.0  g  (ca  O.Oj  mol)  of  crude*  1, 3-bis(2-fluoro-2, 2- 
dinjtroethoxy)acctor.e  (sec  abovFJ  in  70  ml  of  methanol  was  added  5*1  g  of 
hydroxylamine  hydrochloride  and  10  g  of  sodium  acetate  trihydrate  and  the 
mixture  was  refluxed  for  3  hrs.  The  hot  mixture  was  filtered  and  the  filtrate 
concentrated  to  20  ml.  The  concentrated  mixture  was  added  to  100  ml  of  water 
and  water-insoluble  oil  was  extracted  with  50  ml  of  methylene  chloride.  The 
methylene  chloride  solution  was  concentrated  to  give  10  g  of  crude  l,3-bis(2- 
f luoro-2,2-dinitroethoxy)acetonc  oxime. 


,  Proton  nmr  (CDCl-):c 

OFiy’dh,-),  and  4.67  antiH.fO 

These  preliminary  assignmer, 


7.40  (r>,  broad,  lli,=N0H), 

(  S,  J»h,  —  ^j[gG(  —  ;i0h )  - , 

ts  arc  subject  to  changes 


4*72  (d, 
for  syr. 


qF=l6.8, 


ill 

and  a: 


4:1, 

somers ) . 


1,  3-BIS(2-FLUCR0-2, 2-DINITROETHOXY )  -2,2-DIIiITROPRCPAITE 


To  a  stirred  solution  of  2.0  g  of  crude  1, 3-bis(2-f luoro-2, 2-uinitro- 
ethoxy)acetor.e  oxime  (above)  in  30  ml  of  methylene  chloride  at  0-5cwas  added 
dropwise,  over  a  period  of  10  min,  3*‘f  C,  of  90$  nitric  acid.  The  reaction 
mixture  first  turned  turbid  and  lh.cn  deep  blue.  After  20  min,  30$  hydrogen 
peroxide  was  added  dropwise  (20  min)  until  blue  color  of  the  solution  was 
discharged.  The  mixture  was  added  to  60  ml  of  ice-water  and  the  phases  were 
separated.  The  methylene  chloride  solution  was  stripped  to  give  1.4  g  of  crude 
1,  3-bis(2-f  luoro-2, 2-uir.itroethoxy)-2,2-dinitropropar.e.  The  crude  material  was 
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purified  by  passing  its  CDC.l  solution  through  a  0.5  x  25  mm  column  of  basic 
alumina  (Biorad,  AGIO,  100-200  mesh). 

Anal.  Caleb  for  C7HftN-F<,01j.  :  C,  19.1Q;  li,  1.81;;  !•',  8.67.  Found;  C,  20.  30; 
TT7T.01;  F,  8.4.  1  5  6 

Preton  nmr  (CDC1-) ;  A.70,  (d, Jhi,.=  l6Hz,  4ll,  2FCC3U-)  and  4.55  (c,  4ll, 
-CH^C(N'0o)^C!Io-).  FluBrine  nmr:  i  110. B  (poorly  resolved  triplet). 

t  i.  q. 


-FLUCRO-2, 2-DINITROETHYL  PROPARGYL  ETHER 


To  a  mixture  of  3-1  u  (C.G2  mol)  of  2-fluoro-2,2-dini trocthanol ,  20  mi 
of  18$  aqueous  formaldehyde,  and  L.C  r,  (0.02p  mol)  of  sodium  .hydroxide  was 
added  2.4  g  (0.02  mol)  of  propaiy.yl  bromide.  The  reaction  mixture  was  stirred 
vigorously  at  22-2$°  for  30  lire  and  then  was  extracted  with  25  ml  of  methylene 
chloride.  The  methylene  chloride  extract  was  distilled  to  ;;ive  2.1  <■;  cf 
2-fluoro-2,2-riinitroethyl  proparcyl  ether  (55$  yield),  a  colorless  liquid, 
hr  35°  (0.3  ran). 


Anal.  Calcd  for  CcK.-N^FO, :  C,  31-05; 
0,  31.56;  H,  2.52;  R,"l4?0;  F,  <J.h. 


1.62;  N,  14.50;  F,  9-39.  Found: 


Proton  mar  (CC1,  ):  .'4.59  («,J,lF-17.8  Hz,  2H,  FCCHj,  4.28  (d,J,I1j=3  Hz, 
211,  OQUCS),  and  2. $64( fc, Jm,=3  Hz,  III,  -C=CH).  Fluorine  nmr:  <p  110. 7  (poorly 
resolvecl  triplet). 


2-FLU0R0-2, 2-DINITROETirYL  2,  3-DIBR0M0ALLYL 


ETHER 


To  a  stirred  suspension  of  i.92  c  (0.01  mcl)  of  £-fluoro-2,2-dir.itrocr,h, 
proparcyl  ether  in  25  ml  cf  water  was  added  1.6  c  (0.01  mol)  of  bromine.  The 
reaction  mixture  was  stirred  at  25°  for  30  min  and  then  was  extracted  with, 

20  ;:d  of  methylene  chloride.  The  methylene  chloride  extract  was  fractionated 
to  iiive  2.28  c.  of  2-fluoro-2,2-di::itrocthy  L  2, 3-dibromoaliyi  ether,  a  colorlc 
liquid,  bp  80°  (0.1  mm) . 


s 


Anal.  Calcd  for  CqKcIi,FBr,,Q(- ; 

lift. 33,  r,  5.y,.5  5  ‘  25 


H,  1.43;  F,  5.39.  Found:  C,  17.4 : 


Proton  mar 
and  4.57  (s,  211, 


( CDC1  ) : cT 6.82  (s.  III,  =C!IBr),  4. 55  (d,J,lF=17.0  Hz,  2H,  FCCHg-), 
-CH20Br=).  Fluorine  nmr:  <j>  112,0  (poorly  resolved  triplet). 


HYDRATION  OF  2-FLU0R0-2, 2-DINITROET3IYL  PROPARGYL  ETHER  TO  (2-FLU0R0-2, 2- 
DINITROETIIOXY )  ACETONE 


2-Fluoro-2,2-dinitroethyl  propargyl  ether,  0.5  g,  was  added  dropwise 
at  25°  to  10  ml  of  concentrated  sulfuric  acid.  The  reaction  temperature 
increased  to  30-32°  and  the  mixture  darkened.  After  5  -"tin,  the  reaction 


\ 
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.mixture  was  added  to  50  ml  of  ice-water  and  extracted  with  5  ml  of  carbon 
tetrachloride.  The  proton  nmr  spectrum  of  the  extract  showed  that  it 
contained  8C$  of  the  startinG  material  and  20',!  of  (2-f Luoro-2, 2-dinitro- 
ethoxy)acctone  (Reference  7)* 

it  -  ( 2  -  FLU0R0- 2 ,  2  -  DI K1  TROliT! ! Y  L )  S  !i  M  I  CARRA/.II)!-; 

To  a  stirred  solution  of  j.35  (0.03  mol)  of  semicarbuzidc  hydro¬ 

chloride  and  4.62  g  ( 0 . 03  mol)  of  2-1' l.uoro-2,2-dinitroethanoi  in  25  ml  of 
water  was  added  dropwisc,  at  0-5°,  a  solution  of  1.2  g  (0.03  mol)  of  sodium 
hydroxide  ir,  1C  ml  of  water.  No  visible  change  occurred.  A  white  crystal¬ 
line  solid,  3-5  G  (55$  yield),  me  104-J050,  /gradually  deposited  at  0°,  and 
was  collected  by  filtration  after  six  weeks.  An  analytical  sample  was 
crystallized  from  water. 


Anal.  Calcd  for  CXH  r’0r:  C,  17-06;  !i,  2. Oh;  N,  33- 18;  F,  9. 00. 
C,  16.78;  H,  2.49;  V33*i9i  F,  9.0. 


round : 


Proton  rear  (D..0);d4.68  (s,  4l!,  Nli  anci  IJI'.o),  and  4.28  (d,J:jm=17-6  Hz, 
2H,  ffl2). 

( 2 - FLU0R0-2, 2 -  DINITI50FTH0XY )  V1NY  j  Ullii  DIISGCYANATS 

To  a  stirred  and  coded  su.ution  of  1.95  G  (0*03  mol)  of  sodium  azide 
in  20  ml  of  water  at  15-18°  was  added  dropwise  over  a  period  of  5  min  a 
solution  of  3*05  0  (C.01  mol  or  C.02  cquiv. )  of  (2-fluoro-2,2-dinitro- 
othoxy)fumaryl  chloride  (Reference  2)  ir.  35  ml  of  ethylene  chloride.  After 
30  min,  the  mixture  was  cooled  to  S°  and  the  phases  were  separated.  The 
ethylene  chloride  solution  was  dried  over  anhydrous  sodium  sulfate  ar.u 
filtered.  The  filtrate  was  warmed  to  65-70°  in  a  distillation  apparatus 
protected  from  moisture  by  a  Ca0io  drying  tube.  When  GUs  evolution  ceased 
(ca  20  min),  the  solution  was  refluxed  for  5  min.  The  solvent  was  removed 
to  give  2.6  g  (100$  yield)  of  crude  (2-fluoro-2,2-dinitrocthoxy)vir.ylcr.e 
diisocyanate,  a  dark  liquid.  An  analytical  sample  was  distilled  at  90-95'’' 

( 50/i )  in  a  molecular  still  to  give  pale-yellow  liquid. 

Anal.  Calcd  for  C^H-jKj.FG,, :  C,  27.44;  H,  1.14;  21.40;  F,  7 •  3 •  Found: 

C,  27.4;  I!,  1.05;  N,  20.8;  F,  7.0. 


CHL>). 


Proton  nmr  ( CDCl^)  :  *  5-4l  (c,  1H,  CH)  ar.d  5-10  (d,HI!F=l6.0  liz,  2:1, 


The  diisocyanate  polymerized  ir.  a  matter  of  hours  at  room  temperature 
to  give  very  viscous  oil. 

The  proton  nmr  spectrum  of  (2-fluoro-2,2-dinitroethoxy)fumaryl  azide, 
the  intermediate  to  the  di isocyanate  above,  was  recorded  in  carbon  tetra¬ 
chloride.  The  suectrum  consist--!  of  a  singlet  at^6.23  (s,  1H,  CH)  and 
5.20  (d, Jtjt.'=16. C  !!z,  21! ,  Qm). 
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A  number  of  new  energetic  polyr.itroetners  and  intermediates  were  syntr.esizec 
utilizir,  ;  reactions  of  2-fluoro-2,2-ainitroethanol  and  its  derivatives. 

The  oxidation  and  nitration  of  (2-fluoro-2,2-dinitroethoxy)acetaldoxime  yielded 
2-flucro-2, 2-dinitroethyl  2,2-dir.itroethyl  eth.er  which  was  fluorinated  to  give  2- 
fluoro-2, 2-dinitroethyl  ether.  2-Fluoro-2, 2-dinitroethyl  2, 2-dinitroethyl  ether  and 
formaldehyde  gave  3-(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropropanoI  which  was  used  to 
synthesize  bis  R-(2-fluoro-2,2-dinitroethoxy)-2,2-dinitro-propylj formal. 

l-T2-fluoro-2,2-dinitroetr,oxy)-2-propanol  derivatives  of  th.e  g 


Five  1 


general 


structure  FC(N02)2^20('''%>* i~'^(^)C'^2^  P^CI,  Br,  ONOg,  0CC(  CH,)  -9  were  synthesized  by 
reacting  2-fluoro-2, 2-dinitroethyl  ciyciuyi  ether  with  HX  andJtrfe  alcohol  derivatives 
were  oxidized  to  the  corresponding  acetone  derivatives,  FC^lOg^CHgOCHgCOCKgXlXi^Ci, 

ono2,  ccoc(ch2)£.  ‘ .  ‘‘  " 

1,  3-Bis^\2-fluoro-2, 2-dinitroethoxy) -2-propanol  was  synthesized  by  reactin  ', 

2- fluoro-2,2-dir.itroethyl  glycidyl  ether  with  2-fluoro-2,2-dinitrocthanol.  The 
alcohol  was  oxidized  to  1, 3-bis(2-fluoro-2,2-dinitroethoxy)acetone.  Nitration  and 
oxidation  of  the  oxime  of  this  ketone  yielded  l,3-bis(2-fluoro-2,2-di:iitroethOxy)-2,2- 
dinitropropane. 

Other  new  compounds  synthesized  were :  2-fiuorC-2, 2-dinitroethyl  propargyl 
ether,  L- (2- fluoro-2, 2-dinitroethyl) semi earbazlde  and  (2-f luoro-2, 2-din i troethoxy )- 
vi ny l“ne  di isocyanate. 
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